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(54) X-RAY FLUORESCENCE ANALYZER 
(57)Abstract 

PURPOSE: To provide the X-ray fluorescence analyzer, which can improve 
the intensity of exciting X rays and the measuring accuracy, by suppressing 
the deterioration of the X-ray intensity caused by the generation of X-ray 
monochrome as much as possible. 

CONSTITUTION: An X-ray fluorescence analyzer 1 is constituted of an X- 
ray generator 1 0, a spectral crystal 1 3, which generates the monochrome 
from the X rays generated in the X-ray generator 1 0, an X-ray detector 20 
for detecting fluorescent X rays 5, which are generated from a sample 2 by 
casting X-ray fluxes on the sample 2, a preamplifier 21, a proportional 
amplifier 22, a pulse height analyzer 23, a data processor 24 and the like. The 
crystal surface of the spectral crystal 1 3 is curved in the shape of the cured 
surface. The spectral crystal 1 3, an X-ray focal point A of the X-ray 
generator 10 and an irradiated position B of the sample 2 are arranged on 
the circumference of a Rowland circle RC with a radius R, respectively. 
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x8Msi o*^t,«±-rsxs^mfe<b-r.5^«s 
-rs«jtxe5$«dir*xs«ith«2oi:. ungtifs 

S21. Jt««MB«2 2. aMS#*f»2 3jSJ:tfT-* 

0>xS^jSAteJ:i;i4«2<OfiS*HaSBIi. #gRfl)P 
— 5> KH R C(7)RS±lt-e*v-P^ffiS**i-i). 




mte x eiai»T¥KT?«-ai * x « i& H»i=fiS94 l 
t. K«A^*±-r-5»itx«*tta-r*fc«><oxe« 
ta^si: s«x.*S3tx»«-«fSiai=teLNT. sntexs 

t. tta-ftttB. x|g36±#fgox|§S£fcJ:tfK*4ro 
i^QS A< □ - 3 > KR±I= **veKffiS * *iT L> * C 

sate x mft±^m<n±+ x is^me^a a« x 

IfofB X m®ifT*&-e#M £ *vfc*fe X 19 £ Hf4lcKii$t L 

t. Kf4A^*±^r«.^jtx«$«a-r-5fctf)rox«i«i 
aj^ua-t ^ffiitasftxtatttfgEKfci^-c ffiSBxia 

* c t £ ftffl <t f * X ta#«r sb. 
[St#J3S3] ®&mo>x.i$iZ&±? 5X8M¥S 

bmb x «f§±#s6<*±-r -s x & s*fe<b-r -s f=#><D x 

BlItB X m\Bltt*f9LX#mZ 4xfc*fe X i4*4KR8JW L 
X. Kf4A^«±-r-5«3tX«$«iai-r-5>/=tta)X«l«l 
tti^Si: X «5i-«rSai= fcL>T. 11512 X tS 

tzft*t&&V$>-?T. X«*±¥ROX««^A<^iSBc 

Bwa>*£i=Ba$*i-ci«« c <t ztt&t-tzmittxm 

[«f*#iS4] K*4SS-t?^SWf-i)*5lcx«$^W 

x«s«iai-r 4 ^ i: $f$a<t -r sss*s 2 3 sbk 
<D$*x*8##rga. 

[SS#iS5] xBlsm^ai*. Biftte^ Bl-tt-f 6 X 
ISAftftSfc.fctfxtaB&rftSSe. Btfrft^BoOBIBI 
Pfl£d, *fixS<0»gJAi33l^t. 

^•V^*#2 • d • s i n 0 = n • A (gL, nl*1 

tSCTX^AWftSe^lbLTt. BftA4<-SI=tt 
-Scfc 5 KBtfrtS^BfSlfii d tflgffilc J; Sib Lt l** 
C £ * ft« t -t Z iS#H 2 * fc li 3 f BttOT Sift X fStt«T 

ssa. 

[3MH©»ttfcttW] 
[000 1] 



£ . fc <fc it I* x.*;u^tt»»*3SC ,( E D X : Energy D i s 
persive X-rayspectrometerj V&titf- &tz&)<D&ytX 

e»«f^ai=Ba-r*. 

[0002] 

[ft*0>fttfr] ft*. fct^li^MlcJp^Jtfjp®*^ 

m * t. cos* x fg£ «ai-r * it x *a#*r£8 

(Total Reflection X— rayFluorescence) tfiQiafoX 
r. K*4<OSSifi«5<7)^<7)«»$S5S/Nib-C»-5>-<i: 

[0003] xmn±m<wifir?z>xmx'< k?;u±. 

*-rs«ix« ofexta) t. M&mmKtz®&tii5.m 
tf — ? £ *-r ftit x tg £ *<a» L t, T? fc -5 . 

[0 0 0 4] fzt. X«fE^©^SA>e,«*-r-5 

l=«fcoTi|i-<0t#14x«!*»«LrA^t,. K«lcRg«-T 
S^V <? a±&.m&ifcx&#Vi&&. (t#gS3P 1-272 

1 2 4t> A<fii5g*^Tfcy, aiexiiro*feibi=<to 

[0005] «hi=. BSx«a>XA«^ll«:-&-»a)x 

0ofc»3tX««-«fSiaA<B8«*irfCL^ (4*M¥6- 
1 7 466 4§ (t$S®¥4-3 50602^) ) . 
[0006] fc<txl*->'J=J>OX/\Ji(Dj?lfe^H<05 
Fo. N i. Cu. Zn, A I , N aSt'fl) 

^c,*4»««*«A/=xe**jB$ffl^r. w<ot# 

14X^05 5*,. Lj81t8(9. 671keV) *<®fiX 
fii L.TfiEffl*HXL>-5. *<om&tLX. (a) ffft 
^>X«»»»14teif<oai6^€). WiSSffliOttStLt 

«>Ci:A<pr66-CfcS. (b) W-Lfi ZnfflK 
qftJlXJS (9. 66 0k eV) «fcy»<. LA^ tWi 

If 

[0 0 0 7] 

[£!«*<#;* LJ: 5 <t-r£I*ffi] ifi^<0*«m»CDS® 

sibi=#t>. ->y =1 >oi/\fl)ais*©fiA«is« 
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... V . ;. 

[0 0 0 8] Vt*0*/?a&9txlgMVi2i&T?it. S ' 

£ L <fc 5 <t f -5 £ mZftf® A<S < * o X L * 5 o 
[0009] *«wa>lWi*. x^*eiti=<fc*x«« 

) [0 0 10] 

4x«$mfe1br-5fctf><0XSlll»r#Ki:, mtsxsisi 

f)*±-rs»itx«$«ait-^fctf)<Dx««stii#ffti: * 

<ix**Jtxta»«rSSlcfoa>T. mEx«[si»T#S 

xnm!£mf&(T>xisimi!kfszifiAtt<»mm®.8. 
^■r^*3txs«-«fgs-T?fe*. lafiffl 

to X * X 8fE±¥K£:. BtJte X ISfE±3MS:A< 
fli-rSXSS^felb-rSfc^cOXSlllSr^Ri. IftfB 

xm®m^&T'#M2*itz&&xmzunizmttLx . 

Um^§£±1-i>?titiXt$l&&tiiT2>tzlf)0)x&&iii¥ 

j£.S®A<«R<0-&£j*T»#l-jt5ttLfca-5te 
) i^S-CfcoTs X«**#S<75X«^^*J«tl/ia*4roRg 

<ts^a<fr^*3tx«»«fsa-c-fc*. 
i*. siieffl<ox«$ie4-r*xiafE**is<t.BiiKxs 
n>t^m<ft£.+z>xm£m&ifr&tztb<Dxm®m¥ 
m&xm®iiT¥mvimztitzm&x&£iAn\z 

x««aj^s<t *fiii-&*7fexe»«f^aufci>r. 

SBX«lal»r¥KI*. i&&mtf16Ml&<}>-n*tfLttemz 
i«fflLfc»3t!BS-efcoT. x$a$6£#K<7>x 

5txs»«fga-c$>*. *fc*sewi*. s»affi-c±s 

n<o*(sii-«±-r ssftxtasfctu-r * z <t ^<f$a<t -r 
x^snfr^Rii. mtfftt^ffiicw-r 
*xigAWftSfc<i:r;xs[Ei»TftS^e. (u»r*&^®<o 

®B5]fii£d. J&feX*ga>K&£A<t*Sl>T. Zf^vVSi 
#2-d-sinfl = n- A (§L. nlJ1 HL±0)$te 

») ^issr-stttic. x^oA^faaiccccrxs 



A3*ft £ 0 A<£lb L T i S* A A<-5£(= tt £ <fc o \z 0 
..ffiJtTJMM d WWWHz «fc oT£1b LTl** - t 

[0 0.11] 

[ttffl] ^SEWKft*.!*. X«(p]»T#fft£ Lt. *S<Sffi 

tfastticiaia LtzKHtmst, z&m+ -s z 1 1= * o t . 

*$Sa8EfiOX«lcSg-r-5i:, 1 Lfc X«A< 

4. f ci!. xe«iSAxt.«ts?*4x5xtamA<3fs*a 

<n x & a tfiam>fiB3*(aa £ □ - ^ > k r ± i= 
ti-etLEar-sc Victor. «-3tssi=<fcor*fe'ib 
* x 8 «Ktt±l::ab¥A < £ tt * c: t t<x # 

LfctfoT. X«fE±#SA^e,(7)XSfi]ffl»*A<l5] 
±LX. Eh1&Xt$l<»&&£ftmzmiJaZli:Z>Zk1}<X£ 

[0 0 12] Sfe*«Vll=tt;U£. X&lsiifT^&t L 
T. eS®A<ffiR<J)-SP$fi£-rjettlc3!ttLfc^pt!BS 

-T-S^Sir. X««,5fcJ;tmHcDf8Jtt&S£ysK*SR 
<k o r#feib * ^tf= x 8 SKf»±i= J»*a < * t* * 

CtA<Tt4„ LfcA^T. X«*i|ffl«)^A<(SlJiLr. 
[0 0 13] &tz*9tmziitz.\£* x&®tfjm&tL 

x. *£&m*wtomo>-&£i&-rtemzmtoistz#9i*£ 
&k&&mi-i>zkiz&ix. ±&tmmz. ^asesro 
x^irsa^r-si:. 1 jSANe.«t*Lfcx«A<¥ire-A 

-C. X«m^iA^f.J»St**t^xl9*A<BfS*UtftT?«A< 
y x8«^*SStt«!lta<om^irEa 
tl.ctl;j:oT. ^iBSlr.fc^T^felbS^fcxe 

t, x«*i]ffl3ajs*<isi±UT. sifextaro^s*»si= 

[0014] ia*4as-p±s^-r*<fc5i=x8* 

xftx&z&tiitzzkiz&ix. tmommi&mzii- 
ZMt-r$>±&.fttmi>tttmtf*imizttij . 

[0 0 15] XS@ft¥StLtMSa^ffl 

u ifii»T»^ffii=s>frsx<SAWftje* e. [ei»Ttt^ffi 
<»®r B 1fS*d. *fex«<oiKSSAi:*;i>r. 

^<*2 • d • s i n 6 = n • A «§U n ft 1 lil±<7)S 
M») *5SS-r*ii:4,l=. XJS(7)AWeai:iEi:TX 
8AWftS0/)<S1bLTt. *SA/)<-3tlctf-5)<>:5lc 
1h1#t<&^-® 0>mf®M d A<«Brl= o T3E lb L T 4 c i: 



" [0 0 16] - 

Mo (*'J^» ^f<t*-efl5fi6**lfclHlfi*tK«1 1*3 

*g*£SSio<fc. xSMISi ofrt,Hktti*iZxm%. 

3 * W- M a fttl X <D X lam 4 £ ttSt-f * fctfXD 

3fc-<fcr;=i'j^-'? 1 4, i5t.mfe<b* 

*T.fc X 4 >J =i > -7 x/\9?©K» 2 1= At* LT . 
f©8It46«LtX';v M 6SffiiaLfcXtg(7)5* 
S^ttSI-T*, -»^U-V3>*0>^<C«t*<0X«A 
-7>* 17i, tt*4 2 *bfE±Lfc3*ftXta 5 £fctti*- 
5fctf)i»'JfOAK'j7HS i fctiJ8fci:0>x81*ai 
«2 0^t*-c?«)«*tv-5. 

[0017] xs«isiiii2o^f,(otb*<i-^i±ffiiaii*s 
St 2 1 icAASJu aiS/^^o^raa^fli^aEiBict* 

o&Ktt0>Sli/<;uxi::£&-r-5. lW8ii*SSS2 1^£> 
(0dl*<i#l±l±«li»3Sl2 3ICA***t. £ff/<;u*0) 

it0"JlitS«2 3^t.roai*«#li«B»«r«2 3lc 

2 41*. &B5##r8§2 3-t?;Bj5£;k;h,f ; ;T ; -' S»£fflUIL,T 

[0 0 18] ^-^;HE«iSP2 5 I*. K*4 2 0) = *5c& 
8*3cfcl/£»$;*rt*iBIH i -:7;u£«t!rf <£. Mffff 

[ooi9] #ft*sai 3tu> l • f . use. S 

i . N a C I . 7Jft?C, G e . a -S3?. IMS. I n S 
b. 'i^i'Jh'J h -;M?>StSl::s i /f£w/SA<£S 

©a^TjIS] .t^oiii^ift^sroersisg^-r * c 1 1= 
•tor. «^coass*}#oxef£it*-s*is]i=[5i«T. 

[0020] #jfcJSSi 3ro!Bft®l*»rSa)fflS*g-C 

l=. *$5E*fi<DX«lcKLT. 1 ^/)^*gkLfcxe*< 
St/1 ^IcHJHEf 5*t>3tfI£««LTU5„ ttifciB 

si3, xs«±sii oo>x®m&Ats&zftAmz<Dm 

WttSBli. fSR©a-5>KP)RC(DRS±l-fih. 
^ffig^+vrfcy. x«m^iAMf,RlrS*SiftT?flcSt 
ZhtzX&3i3ti<#ft1£§ ) 'i 3l=«fcorisl»TL. 14*42 

[00 2 1] E2I*. 01ICfcltS»jteSl 3. 

/\>V>(Johansson) 2>0)mS.t tf*2*i*<, 

1 3liRTls1tro»^SS$1lAM=}g*1i-T. HSJIS 1 3 



»-T-6Sffli1 3 aeOJ&tttf^gRCDci-^ v KRRCi: 
* 5 l:iB«.i * o x.R.«BB*l= 

2 (Dis^a b i* a - ^ > k rc r c ± ic sea * ti-co 
s. 

[0 0 2 2] X««U£AfrP>«»fta-C?tt#;k;h.f=X|8 
I*. #3t$SSl 3CD*SSffi1 3b-t?lal#K satLfcSL 

!&9t<aaBi::fij^-D-cite£ftfl-i?iiRjrf cottie 

»ft a £JtXj|ift£ , l*-Srt- otitic (<* = /9) . 
S£±<0%£j!ft>Xtai£jSA. Sffil 3a(0^J:^ 

8teaB$^2o©ae«)2Stafl^i*-3Eic<f«.. * 
t. =&s*ai:*es%® 1 3 brometxs-rsftse. -r 

^^*.X«A«ftfc<fer/X«[Hltfrftt-Sl=<f*o Lfc 
»'ot. ^«fi(Dx8l:ait5t. M^S1 3© 
ffSroisia-e^7-vy*#$5SSL-c*5y. J&fexiaic 
B^aiS+ifc^StS/fcTr&^irtf-e**,, C5UX 
S<D*fe^i: l ttI=XiafiJfflS()*tl5l±LT. Kf42-s 

[0 0 2 3] @1lcSoT. X»&tiJSS2 0*3<fctfflil8 
ii*SSS2 1 li. aBS3i[^>!»$i#(©!&S$[elS-r-5.fctf). 
jSfcgmfc t*o>;^ai#|fti= j: o r MS* y ««>r tet^s 
£icSfc*vci,*-5. £f=. ^aic<fc*x«starosg«i= 

J:oT. aSLxSlc^^/N'-y^y^v h'O)®*;^, 

4>©r^3>co!f$ttx«(»«^i&te±-r*fc«). ©fix 

«*fcl4^jtX8A<iliH-r-5SP B 1l±. 0. 1 To r r JU 

[0 0 2 4] 9iizi!)mz-oi*Tl!lW*Z>. x«3fcifeffl 
OirJSHT. 7> > h 1 2^b*^LfcS*m^*<lHl 
*i*tPt«1 1 icAWf-Sts fct^.l*W(0f$ttxST?fe 
& L OffS (8. 396 keV) . L B MS. (9. 671 
koV) . (9. 960keV) ^.fct/Mata 

(1. 7 74 keV) U £ 1/1= SfeX -So C 

0)J:5<fXSm3A^ fci:S.I*L i Ffr £>J$'5$}'3te$§& 

1 3icftsei?Awr-5<i:. Eats (200) 

«l**t*o -5 LTll!lfiXfi|A<*fe<b**t*Ctirj:o 
i^-lio. 1 SKIT<0ftSt?A»1- ^5Lt. KI4 

2(oaffiifi«ir#ft-r*7t^ mzwtm^§k7tmo5 
fct^.i*w-Mff«aj:yteLNK»iiss«&^-r*7c 

fctxIfFe. N i, Cu, Zn. A I, N a jf><Kl 

se**vr. s-Tcisir^rosjtxSsA^^^-*., 

[0 0 2 5] H#42(0^lfe7Em^b«±Lfc«3tXS5 
I*. xt8«lliiS2 0-e«lS±l*^-C, X^3t^<Dx^.;u^ 

^<05i*l*. «ltllUfcxSit^<0x^;u4f-l=Jt«iJ-r 

Lfc4 ( ot> x««ituif2oroa73<i^(7)5i**a!i 



~ (5) 
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^0026] *©ffisig<sss2 1 1*. A**rai=»«s:..., 

*JU§iilElS&£(l;t. ArtSffi/^UXCDBSBijfgtt 

fflif *SS 2 2 li . $tt^B8t£0> fc tf><0 t z. \t H 0 •> 7 > 
2><D7 4)\,9±. SftP B 1lc2OJy±0XS7t : ?-*<AWr 

flUSii*Bll2 1 <naff/^u^.o)3:Ji*<y*5i=it 

«fS2 3l*. fct a.l*0-OMr>V>2!A/D£»3S£ 

*4 2 v ?£f* fig-T -5 c £ A<T? £ -5. 
[00 27] 12 31*. *fE^Wtefl)5IJ6<5iJ*S-r^a-y 

$$L> IUlE*tBS«1 1 fiJ:i;7o^>h 1 2fc£> 
e,/*-5Xta36£5§ 1 Oi. Xta&±SS1 0*e><DXtgifc 
3 C, W- M a ftft X tg$ <*> JfcLvjftStSOT X 4 £ # 
»-r-Sf=«6<D5i-jtSS 1 3*5J:l/=J 'J*-* 1 4. 15 
«t. X«S4A<H»2l=A9tLT. *-<DgS-t?££*t L 
TX'J-v M 6£SiBLfcxiSU05iJS£fti»-f -5>x|g2i 
-7>* 1 7 t. K*42^f,«^LfcS3feX«5*«iai-r 
£X*g&tii«2 0<fi*1?«fit*4t-5. 
[0 0 2 8] XtafcaS«2OA^Ja&<0«^S&SSi;fc<J: 

i;tt«tt»Kttiai<©t<oi-a-r*fc«). 

[0029] #5fc!BSi1 3tLt, 121 tHttlc. Li 

f-v>s i wxnL%i&muiitmi\t,ti. xsroAst^iaj 

*«>a«Si»"3XB*:it£-**«l=0ifK SB £ li- 
ft. 

[0030] @4li. El3l=j3(+*^5fe!BSl 3. X*g 

«. 3i*Rj»i±©aiL^a$«*M=«*-e- 
■c, JssEi±4§REcro-a5^/s-r»tti=jSfflLTfc 

kit. i£*&£BLfexB*<Btfi£i=JDuK-4-«£ 

fc<fct;K«2©fias*maBii. ftRECQftKBi::**. 

[003 1] xBft£Afr&&ttftar-cjkktt$*ifexB 
I*. »3tSSl 3<0Sfiifeia«T. fiWLfcft. B*f{ft 
KBi=ra^oTiiJimft0-ei|XJlrf S. czt> JSRec 



■ 0>-»««f#3MMl 1 3attB£xmMA«iJI=itt 
:Sb, A^«RE.C^j;y.js^|c-t$.ci:l5J:oT, ft 

[0 0 3 2] Bll::*LfeB3fc-xB#ttttfli::£ 
L^r, K«2 0)S®l=*fLT±S^ftST?X«m4*A 
XBX4attXft*fit£5tttt»fi« c 

«l:«*>r'h*l^ffiT?fcy» fc£;ll*9. 67keV<D 
x«Si/'Ja >«>x/M=RBW-r 441*1*^ c = 0. 17 

ffl-ra.!:. xttCjAA»&a>ftttfla«a«>T/j^<'r 

[0 0 3 3] ■fcJlfcaL-T. S3roffifi-CI**tftftfflC 

fete<tttl::xlt#jffl2&*4,|6]_tL-T\ Kfi2^©Bg» 
3i£ * *SRI-li*0 * * ft - 1 *<T? # £ . 
[0 0 3 4] 0 5li. laSICfcltS^Jt^ft 1 3, Xtg 
A «fc tffiBStffiB B OTEiSroteOCiJ *^-r«lBSI2't? 
fe*. »3t«Sl 3l*pH«tt<7)SlL^S*<8A>lcte*-t* 

lrg§LT. 1 /SANt,#E»LfcXlSA<3Pt7bf-Alctom-r 

^iAI*»ti«a«PCC0m^il-BBB**v*o 
[0 0 3 5] X«je/SA^6«Bftof-C«»S*LfcX« 
I*. *MfcttAl 3<0feS®T?[s]»r. SStLfc^. RgWtt 
SB|r|S]6^c■CllR^ft i8 = OOTJPff e-AT?itff-rs. 
*<Dtztb. ffiUSIWWKlA'l Lfct LTti, * 

xi«)*ftftiiti:x««fl!«|itfi±LT. tt»2 
^<DSP.«5iS ^ «Bl=Btt * * S - A<t? # * « 
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